Global environmental change is emerging as the effect of transformation of the land, the ocean and the atmosphere driven by synergy of socio-economic and natural processes. As the progress of rapidly growing interconnectedness in the world, we have begun to induce the planetary scale change in our own life support system. Especially African environment is vulnerable to climate change and affecting human security in a broad sense. This paper describes needs for geoinformation and corresponding JAXA's satellite-based monitoring of environment.
Introduction
The environment is the most important issue as the resource of livelihoods, which the governance should deliver to Africa, where the natural resources construct the daily lifeline for those with few material means. To them negative effects of climate change will be most striking, because they have high dependency on the natural resources and have very limited capacity to adapt to the associated changing climate (ICSU, 2008 1) ). Practically, they have high vulnerability to droughts, floods and etc. (ICSU, 2007 2) ). As the earth observation data on the geographic information system (GIS) are necessary for the monitoring of environment change which will impact on human security in various aspects, there have been needs for the geoinformation (UNECA, 2007 3) ). Satellite-based monitoring systems provide cost effective, reliable and valuable information for mapping landscapes using land observation satellites such as ALOS [4] [5] [6] [7] [8] .
The author describes the effectiveness of global observation satellites such as GCOM-W1, GCOM-C1 and GPM which will improve adaptation ability to the climate change.
Impact of Global Change
As a consequence of the interconnectedness of the coupled human-environmental Earth system, no region is independent of the rest of the world. In Africa, processes at work in the region, desertification, biomass burning, can have global consequences. On the other hand, processes occurring in the other regions can also have influences in Africa.
Africa is characterized by its diversity of peoples and natural environments. The continent and its adjacent islands occupy a total land area of 30.4 million km 2 , about 20% of the world's landmass. It had a population of over 880 million in 2005, with a growth rate of 2-4%, twice the global mean.
As a result, Africa's population is estimated to double in 22 years. This population growth will make worse existing problems of food security and the provision of safe water, education, and health services. It adds ecological stresses to the continent. The key challenges facing Africa is in Table 1 1) .
Land degradation, biodiversity loss, and human well-being
Interactions with the land are particularly important in Africa, because of their impacts on its capacity to sustain livelihoods and biodiversity. Land properties are central in that there are many links between land cover changes and biogeochemical feedbacks, air quality, hydrology, and climate.
Changing in land cover and land use in Africa occur as a continuous process of degradation, or persistent decrease in the capacity of the land to deliver ecosystem services. Desertification is degradation in dry lands. There are both local and global causes of degradation. For instance, circumstantial evidence links the sharp decline in Sahelian rainfall in the 1970s to changes in the global ocean and atmospheric circulation.
There is also a case for regional-scale climate feedbacks involving impacts on the climate system through changes in emissions of greenhouse gases and aerosols, surface albedo, loss of biodiversity, and the displacement of people no longer able to sustain a livelihood in the degraded lands.
Loss of biodiversity, at all levels from the gene to the ecosystem, is directly detrimental to the well-being of Africans. Many natural resources, including fish, firewood, timber, medicinal plants, and wild foods, are increasingly scarce. The causes of accelerating biodiversity loss vary among locations and among the major plant and animal groups. Over-harvesting has been an important historical cause of decline in fisheries, forest, and wildlife. At present, the key threats are habitat loss, fragmentation, and degradation. Climate change is projected to be the dominant .
Rainfall
The most crucial climate change issue for Africa's decision-makers at all levels from the household to the African Union, is rainfall, and in particular, its variability at all timescales.
Climate variability is a normal phenomenon in Africa and it refers to fluctuations in climate or deviation from the long-term meteorological average over a certain period of time, over a specific month, season, or year. . Floods, droughts, and other weather extremes are common in several African countries, and they have harsh and damaging effects on agriculture, livestock, wildlife, tourism, health, water resources, hydroelectric power generation, and the many other socio-economic sectors that form the core of the society's basic livelihood survival.
Resilience of food systems
Reducing the vulnerability of Africa to the global environmental change requires building the resilience of Africa's social and ecological systems, particularly through food security in the region. Food security is achieved when all people, at all times, have physical and economic access to sufficient, safe, and nutritious food to meet their dietary needs and food preferences for an active health life (FAO, 1996).
Water resources and their governance
Africa is the driest of the continents after Australia; it supports over 880 million people, many of whom live in dry lands. Water-imposed constraints on human development, including absolute shortage, declining water quality, and water-borne diseases are already a reality, and will intensify in the future. Deteriorating water quality is becoming a dominant factor in determining water availability, in particular for human consumption. Quality and quantity interact, because as the quantity declines, the contaminants become more concentrated.
Atmospheric pollution
The potential for elevated concentrations of ozone is particularly high in many areas of Africa, because of the combination of solar radiation and high emission of precursors, such as nitrogen oxides and volatile organic compounds, from both human and natural sources. The rapid urbanization and industrialization is leading to growing problems of air pollution, particularly in urban areas. The problems are compounded by poverty, tolerant regulatory regimes, and not enough technologies; and they may be getting worse by rising global temperatures and increasing dust and smoke in the atmosphere resulting from biomass burning and land degradation. Warm temperatures with high relative humidity and high frequency of precipitation increase the potential corrosion damage.
Discussions
The impacts on lifelines such as food, water and ecosystem which are affected by climate change were described in some cases. However, there still remain many regions with no data. Therefore, environmental monitoring should be augmented in continental scale by satellite-based measurements to fill the gaps of the sparse ground-based observations to trace changes.
Environmental Hazards and Disasters
A hazard is defined as any event, phenomenon, or human activity that may cause loss. Natural and human-induced factors may act together to induce a hazard. For example, a landslide can be caused by combination of heavy rains, earth tremors, and deforestation.
In developing countries in Africa, most hazards and disasters are relatively silent and insidious encroachments on life and livelihood, increasing social, economic, and environmental vulnerability even to mild events. For example, recurrent drought, deforestation, and progressive land degradation and desertification result in incalculable human, crop, livestock, and environmental losses, which are not easily measured by conventional disaster-loss tracking systems, and the losses are often underestimated.
Hydro-meteorological hazards
Hydro-meteorological events account for most of disasters in sub-Saharan Africa, they impact on nearly every country. They include floods and flash floods, tropical cyclones and hurricanes, severe storms and storm wave surges, droughts, heat waves, extremely high temperatures (global warming), wildfires, sand or dust storms, and landslides and avalanches. In the period 1975-2002, disasters of hydro-meteorological origin counted 59% of the total number of natural disasters that occurred in sub-Saharan Africa (OFDA-CRED, 2002; UN/ISDR, 2004), with floods accounting for 27%, droughts for 21%, windstorms, particularly tropical cyclones for 9%, and wildfires for 1% 2) . Global change will continue to alter the risk associated with hydro-meteorological hazards. The vulnerability of Africa's environment is exacerbated by land degradation, which is a major environmental hazard on the continent.
Geological hazards
Currently, disasters due to geological hazards, such as earthquakes, tsunamis, volcanoes and explosive crater lakes, landslides, mudflows, erosion, and siltation have a far smaller impact on sub-Saharan Africa.
Earthquakes account for 2%, and landslides and volcanic hazards for 1% of the number of hazards occurring on the continent (OFDA-CRED, 2002) 2) .
Biological hazards
Epidemics and infestations account for 36% of all disasters in Africa (UN/ISDR, 2004) 2)
. In recent decades, the damaging effects of such plagues have become increasingly severe, due to the steady and continuous increase in population.
Human-induced hazards and disasters
Air pollution is becoming a serious environmental problem in Africa, which, in the past 25 years, has been experiencing the world's most rapid rate of urbanization at nearly 5% per annum 2) . Water pollution, for example contamination in rivers and lakes, is also a serious hazard in sub-Saharan Africa. In 2000, over 300 million people did not have access to clean and safe water, and over 500 million went without adequate sanitation. An investigation reveals that in 1970-1983, offshore and on-shore oil spillage amounted to 1,711,354 barrels (Aguiyi-Ironsi, 1988) 2) .
Discussions
For the disaster mitigation, ecosystem disaster management, early warning systems, monitoring human securities, land administration and sustainable development are the currently crucial challenges for Africa. Satellite-based monitoring is supposed to be the most effective way to cover the continent. 
Fundamental Data Sets for Africa
Fundamental data sets are the minimum primary sets of data that cannot be derived from other data sets, and that are required to spatially represent phenomena, objects, or themes important for the realization of economic, social, and environmental benefits consistently across Africa at the local, national, sub-regional and regional scales (UNECA, 2007).
Using scoring method, various data sets were scored and ranked in Table 2 .
West Africa
The order of importance of data sets 3) at the sub-regional scale is summarized in Table 3 .
East Africa
The most common definition of fundamental data sets is that they are basic that can be used as a reference base by a diversity of users in many application areas.
The data sets were identified in order of importance: topography, land use/land cover, administrative boundaries, drainage and transportation.
North Africa
The result of prioritization discussion highlights two views between classical cartography and GIS, and there is a trend towards a GIS-centered view of fundamental data sets. In this context the inter-operability of fundamental data is a major issue, and as shown in the Table 4 , items are repeatedly mentioned in various ways, under different conditions, and geographic extent.
Southern Africa
A data ranking for Southern Africa Development Community (SADC) is shown in Table 5 .
Discussions
Recent trend shows the geoinformation application oriented on the GIS platform, with more concentration in the urban areas, dense populated cities.
However, there are still lack of up-to-dated nationwide or regional maps which is necessary to construct infrastructure to support the nationwide and the inter-regional socio-economic activities.
Therefore, we need to reconsider the importance of the basic small scale topographic maps 1:25,000-1:50,000 with essential geoinformation for the good governance and the public services which should be more visible and accessible for residents, and more active socio-economic activities. 
Satellite-based Monitoring
Recent global change such as global warming induced by interwoven human activities and natural cyclic changes are concerned as a cause of environmental hazards and disasters, and consequently, a serious threat for the human securities in the world. Especially, African regions and the polar and high latitude areas are the most sensitive and vulnerable to the rapid environmental change, accompanied with strong cyclones, heavy rainfall and strong winds, floods and droughts affecting water, agricultural product supply for the life and health, and sometime causing wildfires, heat waves, and sand storms.
These environmental changes are one of cause to make the environmental degradations of land, water and air qualities. All of these phenomena are linking each other overarching the earth surface and the atmosphere in the planetary scale.
Therefore, the monitoring of these global changes, satellite-based earth observation systems are the most effective systems to measure on-going process and disseminate us the up-to-date comprehensive and consistent information of the Essential Climate Variables (ECVs) of the water-energy-material cycles on the climate change for analyzers and decision makers to maintain the sustainable development. For the monitoring of the earth, operational observation system is necessary to provide data sets to describe the global change comprehensively and consistently. JAXA's AMSR-E onboard EOS-Aqua and PR onboard NASA's TRMM satellite which are providing essential water variables and data sets. Addition to these, ALOS have been working more than three and a half years to provide local and regional data sets such as the Kyoto & Carbon Initiative mosaic data sets of forests.
GOSAT was also launched in Jan. 2009, and has been operating and sending observation data.
As the future earth observation satellite programs for the extended and strengthened observation, there are GCOM-W1 for launch in JFY2011, GPM, EarthCARE in JFY2013, and GCOM-C1 in JFY2014, respectively. They will provide data sets as a contribution to GEOSS from Japan.
ALOS for geoinformation
ALOS is expected to provide appropriate data of PRISM and AVNIR-2, required for the basic map generation and revising existing maps in the scale of 1:25,000 or 1:50,000, as the fundamental basic map nationwide 4) . JAXA and the Geographical Survey Institute of Japan (GSI) and have accomplished the validation of PRISM data geometric and radiometric accuracy, and geographical image interpretation for the generation and the revising of existing topographic maps of 1:25,000 scale.
Consequently based on the exploration, GSI have started the topographic map production using ALOS data, as well as aerial photos and urban planning maps, etc. The examples of revised maps in Japan are available to download from Quick publishing via. Internet, Cyber Japan "Denshi-kokudo" by GSI and Map reading service "Watchizu" by GSI (Fig. 1, 2 ) [5] [6] . The accuracy of horizontal direction is 10m without ground control points (GCPs) and 3m with GCPs, and the height accuracy of digital surface model (DSM) is 5m, which is satisfying the requirement for the map revision by GSI. Fig. 2 . An example of revised topographic map on Cyber Japan "Denshi-kokako" by GSI which is accessible through quick publishing via. Internet. PALSAR is expected to observe rainfall forest (Fig. 3, http://www.eorc.jaxa.jp/ALOS/kc_mosaic/kc_mosaic.htm), underground water (Paillou, et al., 2009 6) , Gaber et al., 2009 7) ) and topographic mapping under cloud cover.
GCOM-W and GCOM-C
Global Change Observation Mission (GCOM) is polar orbiting global observation satellite, with very short revisit period of 1 to 3 days depending on the latitude, so that we can get changing environment frequently as daily, monthly, seasonally and yearly. Polar orbiting satellite is inherently observing globally, therefore regional observation data is available for users around the world. The spatial resolution of AMSR2 onboard GCOM-W1 is the highest among the other operational microwave radiometers (Fig. 4, 6 ). The spatial resolution of SGLI onboard GCOM-C1 is 250m which is relatively high among the global observation satellites (Fig. 5,  7 ). Therefore they have potential to monitor the global environmental changes and the environmental changes in Africa, for the understanding of interconnectedness. AMSR-E has been providing soil moisture product as shown in Fig. 6 . This map is generated monthly, so that the seasonal and annual change can be observed. These data is considered to be effective for the estimation of drought and flood, potential water resource and agricultural crop productivity, and heat wave prediction in combination with numerical weather forecast models, etc. AMSR2 onboard GCOM-W1 will follow AMSR-E's role, and three-generation GCOM series will continuously provide data over 13 years.
GLI onboard ADEOS-II is the predecessor of SGLI which will be launched onboard GCOM-C1 in JFY2014. Land cover classification (N. Soyama, 2009), Net Primary Productivity (NPP) (K. Muramatsu, 2009) will be the standard product based on research results of GLI research products shown in Fig. 7 . NPP is an essential geophysical parameter to estimate carbon sequestration on to the earth's surface ecosystems including the land vegetation and the oceanic phytoplankton, as well as agricultural harvest and forest biomass estimation. GCOM-C will have also three-generation series continuing over 13 years.
TRMM with satellite-constellation
Near real time and high-resolution global rainfall map based on satellite observation is available using observation data from TRMM and other satellites. An example of produced rainfall map is shown in Fig. 8 , which is produced 4 hours after observation and updated every hour. This system is based on rainfall algorithm developed by the GSMaP (Global Satellite Mapping of Precipitation) project, and at present using the research results, JAXA/EORC is operationally processing and disseminating these data sets from Website ( http://sharaku.eorc.jaxa.jp/GSMaP/ ). Recently meteorological and hydrological authorities in many countries in Asia have begun to use and evaluate these data sets with their own ground based measurement data from rain gauges or ground-based rain radars, and feedbacks from these users are effective to understand the locality of rainfall pattern or the rainfall mechanism depending on the local topographic features or land-ocean interactions.
Conclusions
The review of issues relating to the global environmental change in reality and the geoinformation needs for sustainable development of Africa across abundant diversity were assembled. After discussions, the utilization of JAXA's satellite-based environmental monitoring capabilities are recognized as appropriate for introducing valid measures about improvement in human security.
